In the study on the growth and morphogenesis of fern-prothallium, Reuter') examined the permeability of prothallial cell. Igura2) also has carried out the cytophysiological and further the microchemical studies concering the plasmolysis form, the osmotic value, the permeability to urea and glycerol, the iodine reaction of starchgrain and the nucleic acid in the chloroplast, and TTC reaction with the prothallial cell in the course of the prothallium.
Materials and Methods
Antheridia of the following species were used as materials:
Athyrium melanolepis Christ, Athyrium rupestre Kodama, and Leptogramma totta J. Smith. Of these species the last one was mainly used in this experiment.
First, behaviors of plasm of the wall cells were examined when they were plasmolysed with aqueous solution of urea or glycerol (1.0, 1.2M). And then, the plasmolysis time was determined with the aqueous solution of glucose (1.0, 1.2, 1.4M) in the same way as Reuterx) in order to know the permeability to water.
For the determination of the permeability-ratio between urea and glycerol, the deplasmolysis time of wall cell of the antheridium in the aqueous solution of urea and glycerol (1.0, 1.2, 1.6M) was measured.
The permeability coefficient (,u) was calculated by the formula of Trondle,7 8) ,u =1-C/C', where C is the concentration of aqueous solution of sucrose which is given by the incipient plasmolysis; C' is that of urea or glycerol.
Results
The plasmolysis form and behavior of plasm in the wall cell. The plasmolysis form of the wall cell represented usually convex type, while the prothallial cell showed the concave one. These bearings did not change before and after the extrusion of spermatids out of the antheridium.
The plasmolysis began to arise from a corner of the outer membrane of the * Supported by the grant from the Fundamental Scientific Research of the Ministry of Education for "Associated study on the Pteridophyta ". ** Biological Institute, Faculty of Education, Yamagata University, Yamagata, Japan. Finally, it adhered to a slightly lower portion of the inner membrane of the ring cell, displaying the spheric state of perfect plasmolysis ( Figs. 1  B, B' ). In the basal ring cell the behavior of plasm is the same as the case of the other part of the ring cell, except that the plasm which had reached to the spheric state was in contact with slightly upper portion of the inner membrane of the basal ring cell ( Figs. 1 B, B' ).
Thus the " Plasmasystrophe "3) occurred generally after about 3 hours (Figs. 1 C, C', D, E). From these facts the polarity concerning plasmolysis is considered to exist even in a single wall cell, either the ring cell or the basal ring cell of antheridium.
And the polarity seems to take the direction from outer-side toward inner-side as was shown in Fig. 1 F. IGURA, I. 3 The The is given plasmolysis time and result of experiment in Table 1 Reuters) has presumed that water-permeability based on the rate of plasmolysis in the aqueous solution of glucose and she assumed that the time necessary for the cell to reach to the state of perfect plasmolysis seemed to be in correlation with the viscosity of the plasm. According to the results of her experiments with 1.OM aqueous solution of glucose, longer plasmolysis time was shown in the younger cell. And then, she concluded that this phenomenon may be due to higher cohesiveness between plasm and membrane and smaller permeability to water. (Temperatures are the same as Table 1) with From the results obtained in Table 1 of this paper it is shown that the plasmolysis time of the wall cell of antheridium was shorter than that of the prothallial cell, when they were plasmolysed with 1.OM (1.2, 1.4M also) aqueous solution of glucose (the similar tendency in plasmolysis time with the aqueous solutions of urea and glycerol was observed as was given in Table 2 ). From this fact it may be considered that the cohesiveness between plasm and membrane of the wall cells should be slight and the water-permeability of these cells higher.
In wall cells of the antheridium, the plasmolysis time of the ring cell is a little shorter than that of the basal ring cell. This phenomenon may be due to the fact that the cohesiveness between plasm and membrane of the ring cell is a little low and also the permeability to water is high.
Results of Table 2 indicate that the deplasmolysis time of the wall cell is shorter on the average than that of the prothallial cell in either aqueous solution of urea or glycerol and the deplasmolysis time of the wall cell in the aqueous solution of glycerol is generally shorter than that in the aqueous solution of urea. Considering from these results, it is clear that the permeability of the wall cell to both urea and glycerol is higher than that of the prothallial cell, and the permeability of the basal ring cell to glycerol is higher than that of the ring cell.
Concerning the permeabilityratio between urea and glycerol, the wall cells of both ring cell and basal ring cell of the antheridium are more permeable to glycerol than to urea. Accordingly type of permeability of wall cells belongs to glycerol-type.
This type of permeability is generally found only in the younger cells of meristematic region of the prothallium.3) This fact is considered to be noteworthy.
According to the results of the preceding study,") the osmotic values corresponding to the suction force of the wall cell were 0.98M aqueous solution of sucrose and 0.92M of urea respectively.
In the present investigation, meanwhile, the osmotic value corresponding to the suction force was measured to be 0.96M aqueous solution of glycerol, using the same method as in the case of the preceding study. Therefore, the permeability coefficients (~c) of urea and glycerol were -0.07 and -0.02 respectively.
Thus the reason why the permeability-ratio of sucrose to these substances becomes to negative value seems to be due to the fact that both urea and glycerol are more permeable than sucrose to the wall cells. From this fact, it may be concluded that the permeability coefficient of glycerol is larger than that of urea for the wall cell of antheridium.
Discussion and Conclusion
The plasmolysis type of the wall cell was usually convex type. Furthermore, the contracted plasm by plasmolysis located itself adhering to the inner membrane of the wall cell (membrane of the central cavity).
The writer3) reported previously the phenomenon, " Plasmasystrophe " occurred in the prothallial cell. The similar " Plasmasystrophe " was observed in the wall cell at the side of inner membrane.
This fact implies that the physico-chemical nature of the protoplast at the inner-and outerportions of the wall cell is not uniformly constructed even in a single wall cell. This caused the presence of physiological polarity within a cell, taking the direction from outside toward inside. Therefore, swelling of wall cells of the antheridium runs along the direction of this polarity upon the dehiscence of antheridium.
This mechanism appears to be advantageous for the dehiscence of antheridium, and consequently the extrusion of spermatids.
The wall cell is more permeable to glycerol than to urea. This phenomenon is convincible by the fact that the permeability coefficient of glycerol is larger than that of urea.
Miickschitz5) examined the permeability of the floral leaf-cell in Crocus vernus, Tulipa Gesneriana, etc. to urea and glycerol. According to him, the epidermal cell in the budding stage of these plants revealed a higher value in permeability, while the permeability to urea and glycerol of the matured or old flower became gradually lower. According to Url,s,12) the permeability of the epidermal cell of young basal zone of the peduncle of Taraxacum officinale exhibited the glycerol-type, whereas that of old apical zone did the urea-type.
These facts may draw the conclusion that the active young cell reveals higher permeability and the glycerol-type of permeability. The permeability type of the wall cell of antheridium was glycerol-type which was generally seen in cells of meristematic region of the prothallium, differing from the other region of the prothallium where the urea-type is usually seen. From these facts it may be concluded that the glycerol-type of permeability is a characteristic of the wall cell which is in high activity.
Thus, the evidence that the wall cell of antheridium has the glycerol-type of permeability seems to be significant for the understanding of mechanism of antheridium.
Summary
Concerning the permeability of the wall cell, i.e. the ring cell and the basal ring cell of antheridium of Leptogramma totta J. Smith mainly to urea and glycerol, the following facts were cleared.
1. As to the plasmolysis form and the behavior of the wall cell of antheridium, it was ascertained that the plasmolysis form was convex-type, the plasmolysis began to arise at the corner of outer plasm, and the " Plasmasystrophe " was observed at the inner part of the wall cell. These facts indicate the existence of physiological polarity even in a single wall cell in the direction from outside toward inside.
2. The type of permeability of the wall cell belongs to the glycerol-type which was found in the meristematic region of the prothallium.
3. It may be considered that the glycerol-type of permeability is a characteristic of the highly acting cell and that the activity of the wall cell of antheridium is also high. This fact may be advantageous for the dehiscence of antheridium.
